We make radial measurements of stellar initial mass function (IMF) sensitive absorption features in the two massive early-type galaxies NGC 1277 and IC 843. Using the Oxford Short Wavelength Integral Field SpecTrogaph (SWIFT), we obtain resolved measurements of the NaI0.82 and FeH0.99 indices, among others, finding both galaxies show strong gradients in NaI absorption combined with flat FeH profiles at ∼ 0.4Å. We find these measurements may be explained by radial gradients in the IMF, appropriate abundance gradients in [Na/Fe] and [Fe/H], or a combination of the two, and our data is unable to break this degeneracy. We also use full spectral fitting to infer global properties from an integrated spectrum of each object, deriving a unimodal IMF slope consistent with Salpeter in IC 843 (x = 2.27 ± 0.17) but steeper than Salpeter in NGC 1277 (x = 2.69 ± 0.11), despite their similar FeH equivalent widths. Independently, we fit the strength of the FeH feature and compare to the E-MILES and CvD12 stellar population libraries, finding agreement between the models. The IMF values derived in this way are in close agreement with those from spectral fitting in NGC 1277 (x CvD = 2.59 +0.25 −0.48 , x E−MILES = 2.77 ± 0.31), but are less consistent in IC 843, with the IMF derived from FeH alone leading to steeper slopes than when fitting the full spectrum (x CvD = 2.57 +0.30 −0.41 , x E−MILES = 2.72 ± 0.25). This work highlights the importance of a large wavelength coverage for breaking the degeneracy between abundance and IMF variations, and may bring into doubt the use of the Wing-Ford band as an IMF index if used without other spectral information.
INTRODUCTION
The stellar Initial Mass Function (IMF) is of fundamental importance for understanding the evolution and present day stellar content of galaxies. The IMF defines the number density of stars at each mass on the zero age main sequence in a population, and is thus intricately linked to the small-scale, turbulent and not-well-understood process of star formation whilst also defining global properties for the population as a whole. The low mass end of the IMF, and hence the number of low mass stars, greatly affects the mass-to-light ratio (M/L) of a system, since a large proportion of the stellar mass in a galaxy comes from stars below 1 M . The fact that these low mass stars contribute so little to the integrated light of a population means that large changes in the isations of the Milky Way incorporating a flattening at low masses: e.g Kroupa (2001) and Chabrier (2003) . An IMF with a power law at masses greater than 0.6 M , a flat lowmass end and a spline interpolation linking the two regimes is described as a "bimodal" IMF (Vazdekis et al. 1996) . The high end slope of a bimodal IMF is defined by a power law index Γ b , which is related to x via x = Γ b + 1. An increase in Γ b , like an increase in x, implies an increase in the dwarf-togiant ratio and therefore an increase in the number of low mass stars.
Historically, little evidence was found for an IMF in our galaxy which varied depending on parameters such as metallicity or environment (see Bastian et al. (2010) for a review). More recently, however, evidence has emerged for a non-universal IMF in studies of the unresolved stellar populations of ETGs. Dynamical modelling of galaxy kinematics undertaken by the ATLAS3D team (Cappellari et al. 2011) and Thomas et al. (2011b) have shown that the M/L ratios of ETGs compared to the M/L ratio for a population with a Salpeter IMF diverge systematically with velocity dispersion, implying that more massive ETGs have "heavier" IMFs (e.g. Cappellari et al. 2013) . Such a dynamical analysis cannot determine whether these IMFs are "bottom heavy" (more dwarf stars) or "top heavy" (more stellar remnants), however. Comparisons between stellar population synthesis models and strong gravitational lensing predict a similar IMF-σ relation (e.g. Treu et al. 2010) , although massive ETGs with Milky Way-like normalization have also been found (e.g. Smith et al. 2015) .
This work concerns a third method of studying the IMF in extragalactic objects. Certain absorption features in the spectra of integrated stellar populations vary in strength between (otherwise identical) low mass dwarf stars and low mass giants. A measurement of the strength of these "gravity sensitive" indices gives a direct handle on the dwarf-to-giant ratio in a population, and hence the low-mass IMF slope. Important far red gravity sensitive absorption features include the sodium NaI doublet at 8190Å (Spinrad & Taylor 1971; Faber & French 1980; Schiavon et al. 1997a) , the calcium triplet (CaT: Cenarro et al. 2001) and Iron Hydride or the " Wing-Ford band" at 9916Å (FeH: Wing & Ford 1969; Schiavon et al. 1997b) . Studying gravity sensitive absorption features in the spectra of ETGs in this way has a long history (e.g. Spinrad & Taylor 1971; Cohen 1978; Faber & French 1980; Couture & Hardy 1993; Cenarro et al. 2003) , before more recent work by van Dokkum & Conroy (2010) ; ? reignited interest in the topic.
Studies of optical and far red spectral lines have suggested correlations between the IMF and [Mg/Fe] (van Dokkum & Conroy 2012), metallicity (Martín-Navarro et al. 2015c) , total dynamical density (Spiniello et al. 2015a ) and central velocity dispersion (La Barbera et al. 2013a ), but importantly the agreement between spectral and dynamical IMF determination is unclear. Smith (2014) compared the IMF slopes derived using spectroscopic methods in van and dynamical methods in Cappellari et al. (2013) for galaxies in common between the two studies. He found overall agreement between the two methods regarding the overarching trends presented in each study, but no correlation at all between the IMF slopes determined by each group on a galaxy by galaxy basis. On the other hand, assuming a bimodal IMF parameterisation, Lyubenova et al. (2016) do find agreement between spectroscopic and dynamical techniques in the central regions of 27 galaxies in the CALIFA survey. Additional investigation of individual galaxies using independent IMF measurements, rather than comparison of global trends between populations, is required to understand and explain this disagreement.
A more technically challenging goal in spectral IMF measurements is determining whether IMF gradients exist within a single object. Formation pathways of ETGs predict "inside-out growth", where the centre of a massive galaxy forms in a single starburst event before minor mergers with satellites accrete matter at larger radii (e.g. Naab et al. 2009; Hopkins et al. 2009 , and references therein). IMF gradients can naturally arise from such a formation history if the global IMF differs between merger pairs, but few studies have presented evidence for such gradients to date. La Barbera et al. (2016) measure an IMF gradient in a massive ETG with central σ ∼ 300 kms −1 , whilst Martín-Navarro et al. (2015a) report IMF gradients in two nearby ETGs. Martín-Navarro et al. (2015b, hereafter MN15 ) also find a mild gradient in a bimodal IMF in NGC 1277, one of the objects studied in this work. Other studies make radial measurements of gravity sensitive indices but conclude in favour of individual elemental abundance gradients rather than a change in the IMF: see Zieleniewski et al. (2015) , Zieleniewski et al. (2017) and McConnell et al. (2016) .
In this work, we present radial observations of gravity sensitive absorption features in two galaxies. The first, NGC 1277, is a massive, compact ETG located in the Perseus cluster (z = 0.01704). NGC 1277 is a well studied object. It has been named as a candidate "relic galaxy" due to its similarity with ETGs at much higher redshifts (Trujillo et al. 2014) , seen controversy over the mass of its central black hole (e.g. see van den Bosch et al. 2012 compared to Emsellem 2013 and had radial measurements of its IMF gradient taken, found using optical and far red absorption indices (MN15). Their study didn't extend to measurements of the FeH index, however. MN15 found a bottom heavy bimodal IMF at all radii, measuring the slope of the IMF to be Γ b ∼ 3 (the same high-mass slope as a unimodal power law with x = 4) in the central regions and dropping to Γ b ∼ 2.5 (x = 3.5) at radii greater than 0.6 R e .
The second galaxy, IC 843, is an edge on ETG located on the edge of the Coma cluster (z = 0.02457). Thomas et al. (2007) conducted a study of the dark matter content of 17 ETGs in Coma, finding that IC 843 had an unusually high mass-to-light ratio in the R c band with the best fitting model implying that mass follows light in this system. This result could be explained by a bottom heavy IMF, but also by a dark matter distribution where the dark matter closely follows the visible matter. Both galaxies were chosen because the evidence for their heavy IMFs implies that the WingFord band could be particularly strong in these objects. This paper is organised as follows. Section 2 summarises our observations describes the data reduction process, including details of sky subtraction and telluric correction. We summarise our radial index measurements in section 5, present our interpretations in section 7 and draw our conclusions in section 8. Appendices contain further discussion of our telluric correction and sky subtraction techniques. We adopt a ΛCDM cosmology, with H 0 =68 kms −1 , Ω m =0.3 and Ω Λ =0.7.
OBSERVATIONS AND DATA REDUCTION
We used the Short Wavelength Integral Field specTrograph (Thatte et al. 2006 , SWIFT) on January 27th 2016 and March 17th 2016 to obtain deep integral field observations of NGC 1277 and IC 843. Observations were taken in the 235 mas spaxel −1 settings, giving a field-of-view of 10.3 by 20.9 . The wavelength coverages extends from 6300Å to 10412Å, with an average spectral resolution of R∼4000 and a sampling of 1Å pix −1 . Dedicated sky frames, offset by ∼100 in declination, were observed in an OSO pattern to be used as first order sky subtraction. The seeing ranged between ∼1 and 1.5 throughout the observations. Table 1 lists details of the targets and observations. The wavelength range of SWIFT allows for measurements of the NaI 0.82, CaII triplet, MgI 0.88, TiO 0.89a and FeH (Wing Ford band) absorption features. Definitions of pseudo-continuum and absorption bands for each index, taken from Cenarro et al. (2001) and , are given in Table 2 . We use the NaI SDSS definition of the NaI 0.82 index from La Barbera et al. (2013a) .
The data were reduced using the SWIFT data reduction pipeline to perform standard bias subtraction, flat-field and illumination correction, wavelength calibration and error propagation. Cosmic ray hits were detected and removed using the LaCosmic routine (van Dokkum 2001) .
Differential atmospheric refraction causes the centre of the galaxy to change position within a datacube as a function of wavelength. Although the magnitude of this effect is small (leading to a ∼1 shift at red wavelengths for the observations which are lowest in the sky), individual cubes were corrected by interpolating each wavelength slice to a common position. The individual observation cubes were combined using a dedicated python script, which linearly interpolates sub-pixel offsets between the frames.
TELLURIC CORRECTION AND SKY SUBTRACTION
At the redshift of these galaxies, telluric absorption is prevalent around the MgI and TiO features in both objects and near the blue continuum band of the NaI feature in NGC 1277. We used the ESO tool molecfit (Kausch et al. 2014 ) to remove it from our spectra. molecfit creates a synthetic telluric absorption spectrum based on a science observation contaminated by telluric absorption. Using the radiative transfer code of Clough et al. (2005) , a model linespread function of the instrument used to observe the data and a model atmospheric profile based on the temperature and atmospheric chemical composition at the time and place of observation, a telluric spectrum is fit to the science spectra and then divided out. We use molecfit between the regions λλ 7561-7768Å, 81212-8338Å and 8931-9875Å. Variations in night sky emission lines occur on similar timescales to our observations, meaning that significant residuals from telluric emission remain after first order sky subtraction. This is especially true in the far red end of the spectrum. These residuals are the main source of systematic uncertainty in the measurement of the FeH band, and so must be accurately subtracted to ensure robust index measurements at 1µm. We use two independent sky subtraction methods in this work: removing skylines whilst simultaneously fitting kinematics, and fitting each wavelength slice of our observation cubes with a model galaxy profile and sky image before subtracting the best fit sky model.
Removing Skylines with pPXF
The first sky subtraction technique uses the method of penalised pixel fitting (Cappellari & Emsellem 2004, pPXF) to fit sky spectra to our data at the same time as fitting the stellar kinematics, as discussed in Weijmans et al. (2009) and Zieleniewski et al. (2017) . This involves passing pPXF a selection of sky templates (as well as stellar templates) which are scaled to find the best fit linear combination to the remaining sky residuals. The sky templates were extracted from the dedicated sky frames observed throughout the night. To account for instrument flexure, each sky template was shifted forward and backwards in wavelength by up to 2.5 pixels (2.5Å). Note that the pPXF sky subtraction occurs after first order sky-subtraction, and so we also include negatively-scaled sky spectra in the list of templates in order to fit negative residuals (which correspond to over-subtracted skylines). The sky spectra were also split into separate regions around emission lines caused by different molecular transitions, based on definitions from Davies (2007) . We also introduced a small number of further splits to the sky spectrum by eye, around areas where skyline residuals changed sign. Each region was allowed to vary individually in pPXF to achieve the best sky subtraction. Table 2 . Definitions of the feature bandpass and blue and red pseudo-continuum bandpasses for each index studied in this work, from Cenarro et al. (2001) and . The NaI SDSS definition is from La Barbera et al. (2013a) . Since it is a ratio between the blue and red pseudo-continuua, the TiO index has no feature bandpass definition. All wavelengths are measured in air. The choice of sky splits makes a noticeable difference to the quality of sky subtraction, especially around the feature most contaminated by sky emission, the Wing-Ford band. Correspondingly, the sky split selection has a non-negligible effect on the FeH index measurement. We selected the total number and location of cuts to the sky spectrum around FeH by quantifying the residuals of the sky subtracted spectrum around the best-fitting pPXF template, for various sky split combinations. We chose the combination of sky splits which had a distribution containing fewest catastrophic outliers (i.e most similar to a normal distribution), both by eye and quantified using the Anderson-Darling test statistic (Anderson & Darling 1954) . This process is discussed in further detail in Appendix B.
Median Profile Fitting
The second sky subtraction method is independent of the first. Each observation cube (which has undergone first order sky subtraction) is a combination of galaxy light and residual sky light. In each wavelength slice, sky emission corresponds to an addition of flux in all pixels whereas galaxy light is concentrated around the centre of the observation. We aim to model these two contributions in a single data cube and subtract off the best fitting sky model.
We take the median image of the data cube as the galaxy model in our fitting procedure. This assumes that the shape of galaxy light profile doesn't change over the SWIFT wavelength range of 6300Å to 10412Å, but is only scaled up and down as the galaxy gets brighter or dimmer and the instrument throughput varies. The sky model is a flat image at every wavelength slice; the same constant value across the IFU in each spatial dimension.
Using a simple least squares algorithm, we simultaneously fit the galaxy and sky model to each wavelength slice of an individual cube. We then subtract the best fit sky residuals for each cube, combine the observation cubes together and are left with an alternative sky subtracted data cube for each galaxy. These are binned and passed to pPXF to measure the kinematics as before, except without using the sky subtraction technique of Section 3.1.
The median profile fitting method leads to slightly noisier results than using pPXF, and as such all index measurements quoted in this paper are derived from the first sky subtraction method. However our conclusions are unchanged regardless of which sky subtraction technique we employ. A comparison of the two methods is presented in Appendix B.
INDEX MEASUREMENTS
To attain a signal to noise (SN) ratio high enough to robustly measure equivalent widths, we binned the data cubes into elliptical annuli of uniform SN, which were then split in half along the axis of the galaxy's rotation. The kinematics in each bin were measured using pPXF, after which each half of the same annulus was interpolated back to its rest frame and added together. This leads to a roughly constant SN in each bin for each index. Spectra of the FeH and NaI IMF sensitive indices studied in this work, for each radial bin in both galaxies, are shown in Figure 1 .
We also make velocity and velocity dispersion measurements as a function of radius by binning the datacube to a SN ratio of 15 (for NGC 1277) or 20 (for IC 843), then place a pseudo-slit across the cube along the major axis of each galaxy. These are shown in Figure 2 , along with the longslit results from MN15. Both galaxies are fast rotators, with peak rotation velocities reaching ± 300 kms −1 in NGC 1277 and ± 200 kms −1 in IC 843. The central velocity dispersion in NGC 1277 is remarkably high at ∼420 kms −1 , in agreement with the values measured by MN15.
The equivalent widths of absorption features depend on the velocity dispersion of the spectrum they are measured from. A larger velocity dispersion tends to "wash out" a strong feature, leading to a smaller equivalent width. In order to compare measurements between different radii in the same galaxy, as well as between separate galaxies, we correct each index measurement to a common σ of 200 kms −1 using the same method as Zieleniewski et al. (2017) .
Equivalent widths are measured using the formalism of Cenarro et al. (2001) , which measures indices relative to a first order error-weighted least squares fit to the pseudocontinuum in each continuum band. We propagate errors from the variance frames of each observation by making a variance spectrum for each science spectrum. All error bars in this work show 1σ uncertainties.
Selected spectral features
The SWIFT wavelength range extends from 6300Å to 10412Å, covering the IMF sensitive indices NaI0.82, CaT0.86 and FeH0.99. We also make radial measurements of the TiO0.89 bandhead and the MgI0.88 absorption feature.
The sodium feature at 0.82 µm is well studied, with a long history of measurements in the context of IMF measurements (e.g Spinrad & Taylor 1971; Faber & French 1980; Schiavon et al. 1997a) . It is strengthened in the spectra of dwarf stars and is sensitive to the abundance of sodium . The feature is a doublet in the spectra of individual stars, but the velocity dispersion in massive galaxies often blends it into a single feature.
The Wing-Ford band feature is a small absorption feature of the Iron Hydride molecule at 0.99µm (Wing & Ford 1969) . It is particularly sensitive to the lowest mass dwarf stars, weakens in [Na/H] enhanced populations and is relatively insensitive to α-abundance .
The Calcium Triplet is the strongest absorption feature studied in this work, and is IMF sensitive due to the fact that it is strong in giant stars but weak in dwarfs. Its use as an IMF sensitive index was studied in Cenarro et al. (2003) , where an anti-correlation between the CaT equivalent width and log(σ 0 ) was presented. Calcium is also an α element, although interestingly the Ca abundance has been shown to be depressed with respect to other α elements by up to factors of two in massive ETGs (Thomas et al. 2003) . The feature also weakens in spectra with enhanced [Na/H], and is sensitive to the [Ca/H] abundance ratio.
The TiO0.89 and MgI0.88 features are both relatively insensitive to the IMF. In the models of , the TiO bandhead is strongly sensitive to the α-enhancement of the population, as well as weakening with older stellar ages. It also becomes stronger with increased [Ti/Fe] Figure 3 shows the results of measuring the IMF sensitive absorption features in NGC 1277 and IC 843 as a function of radius. As discussed in Section 4, these measurements were taken at the intrinsic velocity dispersion of the radial bin and then corrected to 200 kms −1 for both galaxies. All results are equivalent widths, in units ofÅ and found using the formalism of Cenarro et al. (2001) , except for that of TiO which is a ratio of the blue and red pseudo-continuua. Table 3 gives Table 3 . Measured index trends with respect to log(R/R e ), with 1σ uncertainties. Gradient units areÅ/ log(R/R e ), apart from the TiO index gradient which is simply 1/log(R/R e ). Index measurements are inÅ, apart from the TiO index which is a ratio of pseudo-continuua radial index measurements in both galaxies are presented in Tables A1 and A2 . The most significant index gradient in NGC 1277 is in NaI, which drops from 1.3Å in the very centre to ∼ 0.8 A at 1.9R e . This behaviour is consistent with the findings of MN15, who found a similarly strong radial gradient in this object. We also measure negative gradients in the CaT (at a ∼ 2σ significance) and the TiO0.89 (2.75σ). The measurements of MgI0.88 index show a positive trend with radius, although the scatter in these measurements is large, possibly due to the effects of residual telluric absorption. We do not find evidence for a radial gradient in FeH0.99 in NGC 1277, with the gradient in index strength being consistent with zero.
RESULTS

Radial variation in index strengths
The most significant gradient in IC 843 is also the NaI feature, albeit offset to a weaker index strength. We also see a significant radial trend in TiO0.89. We measure flat radial profiles for MgI0.88, the CaT and the Wing Ford band, with all three indices having a best fit gradient fully consistent with zero. Tables A1 and A2 MNRAS 000, 1-19 (2017) 6 ANALYSIS 6.1 Stellar population synthesis models Figure 4 shows a comparison of our NaI and FeH measurements to two sets of stellar population synthesis (SPS) models, each convolved to 200 kms −1 to match our measurements. The top two panels show index predictions from the CvD12 ) and E-MILES (Vazdekis et al. 1996) 3 dex has no effect on the predicted NaI equivalent width, whilst understandably leading to a large variation in FeH strength. The result of increasing [Na/Fe] is a strengthening of the NaI index combined with a weakening of the FeH equivalent width. This is due to the fact that Na is an important electron contributor in cool giant and dwarf stars, and large abundances of Na in these stellar atmospheres tends to encourage the dissociation of molecules like FeH. An α-enhanced population leads to weaker FeH and NaI predictions, especially at steeper IMF slopes, whilst the response of the FeH index to changes in population age is found to be a function of the IMF slope. A full discussion of these SPS models can be found in .
The E-MILES models include changes in age and metallicity. A metallicity of +0.2 dex above solar leads to increased equivalent widths for both NaI and FeH, whilst younger ages tend to weaken both indices. La Barbera et al. (2017) have produced the "Na-MILES" models, which are SPS templates spanning the E-MILES wavelength range with enhanced [Na/Fe] abundance ratios of up to 1.2 dex. Interestingly, these templates predict that the FeH index is less sensitive to the effect of [Na/Fe] enhancement than the CvD12 models. We also expand the dimensionality of these models by applying response functions for changes in [α/Fe] from the CvD12 models, in a similar way to Spiniello et al. (2015c) . Figure 4 also highlights a complicating factor in our interpretation of our NaI and FeH measurements: the different index predictions from the CvD12 and E-MILES models for the same value of IMF slope. The largest difference is for the most bottom heavy IMFs: the x = 3.5 IMF slope prediction for FeH is ∼ 37% weaker in the E-MILES models compared to the CvD12, whilst the NaI predicted equivalent width is ∼ 39% smaller. A large part of this difference is due to the different low-mass cutoff, m c , assumed for the IMF in each case: 0.08 M in the CvD12 models and 0.1 M for E-MILES. The CvD12 models therefore have a larger number of very low-mass stars and predict stronger NaI and FeH equivalent widths.
Constraining the low-mass cut off of the IMF is a technically demanding task, with recent measurements of m c by Spiniello et al. (2015b) and Barnabè et al. (2013) combining modelling of IMF sensitive indices with constraints from strong gravitational lensing and dynamics. Since in this work we are unable to distinguish between m c = 0.08 M and m c = 0.1 M , we conduct our analysis and draw conclusions using both sets of SPS models.
Note that there are other key differences between the model spectra, largely due to the different ways they are computed. The two sets of models use different isochrones for the lowest mass stars, as well as different methods to attach stars to these isochrones. Figure 4 shows that the response of both NaI and FeH to increases in [Na/Fe] abundance is different for the two sets of models, and at fixed [Z/H] these indices are also more sensitive to changes in [α/Fe] in the E-MILES models than CvD12. A comprehensive comparison of the IMF-sensitive features below 1µm in the two sets of models is presented in Spiniello et al. (2015c) .
The measurements in both galaxies scatter around similar areas of parameter space: above a Salpeter IMF in the direction of [Na/Fe] enhancement, with the NGC 1277 points further from the model lines than IC 843. Notably, our measurements disfavour very bottom heavy single power law IMFs with x>3 in both NGC 1277 and IC 843.
IMF determination from global measurements
Spectral Fitting
In order to make quantitative statements about the global IMF slope in these objects, we fit templates from the spectral library from CvD12 to the integrated spectrum from each galaxy. This technique is discussed extensively in CvD12, and our approach is very similar. The spectral fitting covers wavelengths from 6600Å to 10020Å in the rest frame of each galaxy, split into four sections: 6600-7300Å, 7600-8050Å, 8050-9000Å and 9680-10020Å. The two gaps between 7300-7600Å and 9000-9680Å were chosen to avoid areas of residual telluric absorption. We have also carefully masked pixels contaminated by sky subtraction residuals in each spectrum. These masked regions are shaded in Figure  5 and 6.
To correct for different continuum shapes between the templates and the data, we fit Legendre polynomials to the ratio of the template and the galaxy. The order of these polynomials is defined to be the nearest integer to (λ upper − λ lower )/100. We have ensured that slightly varying the order of this polynomial has negligible effect on our results, and have included the effect of this variation in the error budget for each parameter.
We allow eight parameters to vary when performing the fit: the redshift and velocity dispersion of the template; the chemical abundances [Na/Fe] abundance would also be included as free parameters of the fit. We did not find these quantities to be well constrained by the data, however, since our wavelength coverage does not include many of the blue absorption indices sensitive to these parameters. To overcome this, we use previously published measurements of blue "Lick" indices (which are, to first order, insensitive to the IMF) from Ferré-Mateu et al. (2017) for NGC 1277 and Price et al. (2011) for IC 843 and the SPS models of Thomas et al. (2011a) to infer stellar age and [α/Fe] abundances in these objects. We then fix the values of these parameters during the fit. The derived values are shown in Table 4 for both galaxies. Note that the measurements from Ferré-Mateu et al. (2017) are spatially resolved, and we have matched these data to the aperture size used in this work. Measurements from Price et al. (2011) come from an SDSS fibre covering a diameter of 3 in the very centre of IC 843, however, smaller than the 12 which contribute to our global spectrum. Such a discrepancy is unavoidable, but does mean that if any radial gradients in the stellar age or [α/Fe] abundance exist in IC 843 then the parameters assumed for the global spectrum would be incorrect. Furthermore, the derived age and [α/Fe] for NGC 1277 and IC 843 were found using a different set of stellar population models than were used for the spectral fitting (the Thomas et al. (2011a) models rather than those from CvD12). Small systematic offsets between the models could exist, implying that our fixed values found from the Thomas et al. (2011a) models may not be appropriate for the fitting using the CvD12 templates.
To account for this, we have also computed fits (for both galaxies) where we varied these assumed values of age and [α/Fe] abundance. The resulting change in the derived parameters are included in the error budget for each result (see Table 4 ).
The CvD12 models also allow for variation in further elemental abundances, as well as an "effective isochrone temperature" nuisance parameter, T eff . T eff slightly changes the isochrone each galaxy template is built from, which is a proxy for varying metallicity (since variations in total [Z/H] are not modelled in the CvD12 library). Further discussion can be found in CvD12. We compute fits , as well as T eff , to ensure that the low-mass IMF slope we recover is not being driven by an elemental abundance variation we have neglected. We find that the best-fit IMF is negligibly affected in either galaxy. Any variations in the derived parameters as a result of this process are also folded into the uncertainties reported in Table 4 .
The fit was performed using the Markov-Chain MonteCarlo ensemble-sampler emcee (Foreman-Mackey et al. 2013 ). We use a simple, χ 2 log-likelihood function with flat priors on each parameter. 400 "walkers" explore the posterior probability distribution, each taking 10,000 steps, giving 4 × 10 6 samples in total. We discard the first 8000 steps of each walker as the "burn-in" period. Each chain was inspected for convergence and we have run tests to ensure that chains which start from different areas of parameter space converge to the same result.
Results of the fitting are shown in Figures 5 and 6 , with prior ranges and derived quantities shown in Table 4 . The fits to the spectra are good, with residuals at around the 1% level for the majority of the wavelength range. The reduced χ 2 values are 0.41 and 0.95 for NGC 1277 and IC 843 respectively. We note, however, that the spectral range from 7600 to 8050Å in IC 843 shows significant residuals. We have ensured that our conclusions for both galaxies are unaffected if we remove this region from the fit, and included the small variations in derived parameters in our error budget.
We find both galaxies to have super-solar [Na/Fe] abundances by factors of between 3 and 5, with NGC 1277 requiring greater Na enhancement than IC 843. NGC 1277 also has a more bottom heavy low-mass IMF slope than IC 843, for IC 843. The magnitude of the [Na/Fe] enhancement in both objects is large, but it should also be noted that the spectral response to increases in [Na/Fe] between the CvD12 and E-MILES models is markedly different (as shown in Figure 4 ). This implies that the magnitude of the super-solar [Na/Fe] abundance is likely to be model dependent.
Index Fitting
In order to directly compare to Zieleniewski et al. (2017) , we also use the global FeH and NaI index measurements of NGC 1277 and IC 843 to make quantitative statements about the IMF slope in each galaxy. By interpolating the predicted FeH equivalent widths from the CvD12 and E-MILES models and comparing to our global FeH measurement, we measure global IMF slopes in each object. Appendix C discusses the precise calculations in detail. We assume the same population parameters as in Section 6.2.1, as well as including the effect of the non-solar abundances found from the spectral fitting for each galaxy (see Table 4 ).
In contrast to the CvD12 models, the E-MILES models allow variation in the total metallicity, [Z/H]. Using index measurements from the same sources as before (Ferré-Mateu et al. (2017) for NGC 1277, Price et al. (2011) for IC 843), we assume a total metallicity of +0.16 dex for NGC 1277 and +0.0 dex for IC 843 in our global spectra.
To measure the effect of uncertainty in the assumed stellar population parameters for each galaxy, we modelled each parameter as a normal distribution centred on the values described above. Table 4 . We drew 1000 random samples from the distribution of each parameter, then recalculated the IMF slope in each case. The 16th and 84th percentiles of these samples are plotted as the blue shaded regions in Figure 7 .
Results from this second IMF determination method show a nice agreement between the E-MILES and CvD12 stellar population models. In IC 843, the index fitting results are best fit with single power-law IMF slopes heavier than Salpeter: x CvD = 2.57 +0.30 −0.41 , whilst x E−MILES = 2.72 ± 0.25. However, the spectral fitting leads to an IMF slope shallower than Salpeter: x SF = 2.27 +0.16 −0.18 (although the results are consistent within the error bars). For NGC 1277, the three methods agree well: x CvD = 2.59 +0.25 −0.48 , x E−MILES = 2.77 ± 0.31 and x SF = 2.69 +0.11 −0.11 Figure 7 shows the derived single-power law IMF slope for IC 843 and NGC 1277, plotted against their central velocity dispersion. Diamonds show the IMF slopes derived using the CvD12 stellar population models, whilst triangles show those found using the E-MILES models. Results from spectral fitting are shown as circles. Also shown are measurements from Zieleniewski et al. (2017) , as well as the proposed correlations between unimodal IMF slope and σ 0 from Ferreras et al. (2013) , La Barbera et al. (2013b) and Spiniello et al. (2014) .
Note that using values of [Na/Fe] and [Fe/H] derived by fitting the CvD12 models as corrections to the E-MILES models is not strictly correct, due to the differences in the way the models are constructed and their differing responses to changes in abundance patterns. As a first approximation, however, we have shown that doing so gives consistent results. The ideal solution would be to conduct full spectral fitting with both sets of stellar population models, and future work will investigate this further.
M/L values
Using these global IMF measurements, we derive V-band stellar mass-to-light values for these galaxies. MN15 infer the V-band stellar (M/L) V ratio in NGC 1277 to be 7.5 at 1.4 R e , rising to 11.6 in the centre, from their analysis of IMF-sensitive absorption features and the assumption of a bimodal IMF. Whilst we are unable to make such a resolved (M/L) V measurement with our data, these values are generally in agreement with our integrated measurement (which extends out to just over 2.2 R e ).
In IC 843, Thomas et al. (2007) make a dynamical measurement of the (M/L) in the R c band, with observations extending to further than 3R e . They find (M/L) R c =10.0, as well as concluding that mass follows light in this object. Our inferred IMFs (from an integrated spectrum out to 0.65 R e ), combined with published age and metallicity measurements, lead to a final value of (M/L) R c = 5.04 ± 2.26 1 . This is lower than the value from Thomas et al., despite the fact that the dynamics in this object were fit without a dark matter halo term (i.e with mass following light). This may be evidence, therefore, for a dark matter profile which closely follows the visible matter in this object.
DISCUSSION
The main result of this work is the strong gradient in NaI0.82 absorption combined with flat profiles for FeH0.99 in both objects. The equivalent widths of FeH in both galaxies also scatter around a similar value: 0.4Å at a velocity dispersion of 200 kms −1 . However, whilst the FeH index values are similar between the galaxies, the measured global IMF from full spectral fitting are significantly different: x = 2.69 +0.11
for NGC 1277 and x = 2.27 +0.16
for IC 843. This may imply that relying on the Wing-Ford band alone to determine the single-power law IMF slope in an object could lead to different results than when utilising information from a number of gravity sensitive indices at once. However, regardless of the method used to infer the lowmass IMF slope in these objects, both these galaxies show evidence for an IMF significantly different from the IMF in the Milky Way, in agreement with previous work finding evidence for a non-universal IMF in massive early-type galaxies.
Recent work has called into question the efficacy of the Wing-Ford band as a reliable IMF indicator. Using a two-part power law to characterise the low-mass IMF, van Dokkum et al. (2017) show that the FeH equivalent width does not correlate with the IMF "mismatch" parameter, α, in their study, with some of the weakest FeH index measurements in galaxies with very bottom heavy IMFs. Furthermore, La Barbera et al. (2016) show that unimodal IMF determinations from the Wing-Ford band are in tension with unimodal IMF measurements from optical IMF sensitive indices (and use this fact to constrain the shape of the IMF in this galaxy).
Resolved IMF inferences
With the wavelength range used in this work, we are unable to reliably constrain some of the important stellar population parameters necessary to infer quantitative radial IMF measurements and disentangle the effects of IMF variation from abundance gradients. We do, however, present qualitative discussion of the radial trends implied by our measurements. We find that IMF gradients by themselves, with no variations in the abundances of [Na/Fe] or [Fe/H] are only marginally consistent with our radial FeH and NaI index measurements. Plausible gradients in these elemental abundances, combined with a radially constant IMF, are more consistent with the data from NGC 1277 and IC 843. In the left two columns, we vary the IMF slope as a function of radius and fix the values of [Na/Fe] and [Fe/H] to those found from spectral fitting in each galaxy. The right two columns show a fixed IMF slope (again, fixed to the values measured using spectral fitting) and vary the abundances of [Na/Fe] and [Fe/H] . In all cases, we assume a constant age of 13 Gyr for NGC 1277 and 10 Gyr for IC 843, as well as an [α/Fe] abundance of +0.25 dex for both galaxies.
We note that this is not a fit to the data; we do not attempt to minimise a χ 2 -like function, or infer quantitative values of abundance gradients from this process. We simply vary the assumed IMF and abundance values to best recover the observed measurements. We also note that this exercise is vastly simplified, since we are fixing the values of stellar age, metallicity and [α/Fe] to be held constant, although adding in further complexity would only further increase the degeneracies noted here.
When fixing the chemical abundances and varying the IMF as a function of radius, our mock spectra tend to under predict the NaI index whilst over-predicting FeH in the centre of both galaxies, although both are still consistent at the edge of the error bars. On the other hand, a flat IMF with plausible abundance gradients seems to better match the data, with the very central value of NaI in NGC 1277 the only place where the model and measurements are marginally in tension. Whilst the absolute values of the [Na/Fe] abundance needed to match the NaI measurements in NGC 1277 are very large, we note that the overall gradient of ∆[Na/Fe]=∼ −0.3 dex per decade in log(R/R e )is plausible (e.g. Alton et al. 2017 ). We also note there is a different response to [Na/Fe] overabundances in the CvD12 and E-MILES models, implying that the absolute values of [Na/Fe] abundance needed to match these measurements is likely to be model dependent.
Gradients in [Na/Fe] within individual galaxies have been recently been measured in the context of IMF variations. van Dokkum et al. (2017) used long-slit spectroscopy and full-spectral fitting to measure abundance gradients in six nearby ETGs as well as gradients in the IMF. Further- Super solar [Na/Fe] abundance ratios are also not uncommon in massive ETGs. Jeong et al. (2013) find excess NaD line strengths in ∼8% of low redshift (z < 0.08) SDSS DR7 galaxies, including in ETGs without visible dust lanes, and conclude that [Na/Fe] enhancement, rather than ISM or IMF effects, are the cause. Furthermore, both Worthey et al. (2014) and Conroy et al. (2014) find a trend of increasing [Na/Fe] abundance in galaxies with larger velocity dispersions, of up to ∼ 0.4 dex in galaxies with σ=300 kms −1 , using independent SPS models.
Abundance gradients and IMF gradients are not mutually exclusive, of course, and it is very plausible that a mixture of both exist in NGC 1277 and IC 843. These quantities are notoriously difficult to disentangle, and we would require coverage of a greater number of gravity sensitive absorption features to break the degeneracy and make quantitative statements in these objects.
A key assumption in this work is that the low-mass IMF slope in these objects is a single power law. A further explanation of our measurements could be that the IMF varies radially but does not have such a shape. In the "bimodal" parameterisation of Vazdekis et al. (1996) , the IMF is flat at masses below 0.2 M whilst the high mass slope (above 0.6 M ) varies. The region in between is connected by spline interpolation. Such an IMF shape introduces a degeneracy between the FeH and NaI indices, by decoupling the very low-mass end of the IMF (where FeH is most sensitive) from the region between 0.2M < M < 0.6M (where NaI is most sensitive). Qualitatively, this allows a change in NaI strength without the corresponding change in FeH. La Barbera et al. (2016) use this form of the IMF in their study of a nearby massive ETG, finding radially constant measurements of FeH as well as a bimodal IMF gradient. MN15 also use this bimodal IMF parameterisation in their study of NGC 1277. They found evidence for a bottom heavy bimodal IMF of Γ b = 3 out to 0.3 R e , which decreases and flattens off to Γ b = 2.5 between 0.8 R e and 1.4 R e . Barbera et al. (2013b) and Spiniello et al. (2014) , whilst black squares are values from Zieleniewski et al. (2017) . Note that measurements from Zieleniewski et al. (2017) utilise the CvD12 models only, and that this work implements an improved handling of response functions to correct for non-solar abundances.
which is not a single power law. Their IMF is fixed at high masses (above 1 M ) and is a two part power law below, with a break at 0.5 M . This form of the low-mass IMF would again allow the NaI and FeH indices to vary independently of each other too, and could explain their behaviour in NGC 1277 and IC 843. Under this form of the IMF, van Dokkum et al. (2017) explicitly show that a lack of gradient in FeH does not imply a radially constant IMF.
With the data available to us, we are unable to rule out the possibility that our NaI and FeH measurements are caused by chemical abundance gradients, radial IMF gradients, or a combination of the two. A wavelength range covering further spectral indices, such as the Na D index and various optical Fe lines, in conjunction with the publicly available state of the art stellar population models, would allow us to make a clearer separation of the effects of the low-mass IMF from abundance gradients.
Other radial studies of FeH and NaI indices
Similar measurements to ours have been found by other authors who have investigated both NaI and FeH indices as a function of radius in a variety of objects. As mentioned previously, Alton et al. (2017) find a strong gradient in NaI and radially flat FeH in a stack of 8 massive ETGs. They find uniform, typically bottom heavy, IMFs in their stack and most of their individual galaxies, with radial changes in index strengths primarily accounted for by abundance gradients. Zieleniewski et al. (2015) studied the central bulge of M31, observing a large decrease in NaI combined with no radial change in FeH, and conclude in favour of a gra- FeH EW (Å) Figure 8 . A comparison of our index measurements as a function of radius to the CvD12 models. We create model spectra to correspond to the seven radial index measurements we make in each galaxy. Each model spectrum is convolved to 200 kms −1 , in order to match the index measurements. We assume a constant age and [α/Fe] for each spectrum, then impose either a radially varying IMF and fixed abundance patterns in [Na/Fe] and [Fe/H] (left two columns) or a radially constant IMF combined with abundance gradients (right two columns). Dotted lines show the abundance values and IMF slope found from full spectral fitting in each galaxy. The third and fourth rows show both our measurements (black squares) and these model index measurements (coloured circles) for the NaI and FeH indices. Note that this is not a fit to these data, and we do not aim to draw quantitative conclusions about these abundance or IMF gradients. We find that a radially constant IMF is marginally consistent with our measurements, whilst radial gradients in [Na/Fe] McConnell et al. (2016) obtained deep long-slit data on two nearby ETGs, both of which had been part of the sample. They found strong gradients in NaI but a much weaker decline in FeH, as well as opposite behaviour in NaI/ Fe and FeH/ Fe . Again, the authors conclude in favour of a variation in [Na/Fe] over the central ∼300 pc of each galaxy instead of variation in a single power law IMF driving the strong decline in NaI. The authors also argue that the flat FeH profile implies a fixed low-mass slope of the IMF below M 0.4M . Finally, La Barbera et al. (2016 Barbera et al. ( , 2017 make resolved measurements of the Wing-Ford band and a number of Na indices to constrain the shape of the low-mass IMF in a nearby ETG. They too find a lack of radial variation in FeH combined with negative gradients in NaI, NaD and two further Na lines at 1.14 and 2.21 µm, from which they find a gradient in a bimodal IMF combined with a radial change in [Na/Fe].
CONCLUSIONS
We have used the Oxford SWIFT instrument to undertake a study of two low redshift early-type galaxies in order to make resolved measurements IMF sensitive indices in their spectra. We obtained high S/N integral field data of NGC 1277, a fast rotator in the Perseus cluster with a very high central velocity dispersion, and IC 843, also a fast rotator, located in the Coma cluster. Our measurements extend radially to 7.7 and 6.2 respectively, corresponding to 2.2 and 0.65 R e . The SWIFT wavelength coverage, from 6300Å to 10412 A, allows resolved measurement of the NaI doublet, CaII triplet, TiO, MgI and FeH spectral features. We conclude:
(i) NGC 1277 shows a strong negative gradient in NaI, more marginal negative TiO and CaT gradients and a flat FeH profile. The FeH equivalent widths scatter around 0.42 A at all radii (corrected to 200 kms −1 ).
(ii) IC 843 is similar, if less extreme, than NGC 1277. It displays a weaker NaI and TiO gradients, and flat profiles in FeH, CaT and MgI. FeH equivalent widths are a similar strength to NGC 1277, also around 0.4Å.
(iii) Similarly to McConnell et al. (2016) , Zieleniewski et al. (2017) , Alton et al. (2017) and others, we find very different radial trends between the IMF sensitive indices NaI and FeH.
(iv) In both NGC 1277 and IC 843, our measurements can be explained by a radially constant single power law IMF combined with appropriate abundance gradients. However, a radial gradient in the IMF may also reproduce our results, and our data do not allow us to break this degeneracy, as shown in Figure 8 . Furthermore, with the spectral range available from SWIFT, gradients in more complicated IMF parameterisations (such as a bimodal or multi-segment IMF) also cannot be excluded. A wavelength range covering absorption indices sensitive to stellar population parameters such as age, [Z/H] and [α/Fe], as well as indices sensitive to elemental abundances (such as NaD and the combination of Fe5250 and Fe5335) are vital to isolate the effects of the IMF.
(v) We use our global spectra and state-of-the-art stellar population models to infer global single power-law IMFs in each object. We determine the IMF in each object using three techniques: full spectral fitting using the CvD12 models, as well as fitting the FeH index with corrections for non-solar abundance patterns using the CvD12 and E-MILES models (following Zieleniewski et al. 2017) . We find that a super Salpeter slope fits best in NGC 1277, with each technique in agreement. IC 843 is more uncertain, with the spectral fitting consistent with a Salpeter IMF and the index fitting scattering higher.
(vi) Despite NGC 1277 and IC 843 having only a 10% difference in global FeH measurement, and similar population parameters, we find significantly different global IMF slopes when we include further spectral information from between 6600Å and 10,000Å. This may bring into doubt the use of Wing-Ford band to infer an IMF slope when not combined with information from other areas of the spectrum.
(vii) Our inferred V band stellar mass-to-light ratios are in agreement with published dynamical and spectroscopic determinations. In IC 843, we find a mass-to-light ratio (R c band) smaller than the dynamical (M/L) from Thomas et al. (2007) , despite their conclusion that the dynamics can be fit without a dark matter halo term (i.e that mass follows light). This may imply a non-standard dark matter profile in this object. Table A1 . All index measurements in NGC 1277. As discussed in Section 4, these measurements were taken at the intrinsic velocity dispersion of the radial bin and then corrected to 200 kms −1 for both galaxies. All results are equivalent widths, in units ofÅ and found using the formalism of Cenarro et al. (2001) , except for that of TiO which is a ratio of the blue and red pseudo-continuua.
CaT ( 6.73 ± 0.40 0.44 ± 0.15 0.42 ± 0.15 1.04 ± 0.14 1.0764 ± 0.0070 -0.06 6.61 ± 0.32 0.51 ± 0.12 0.68 ± 0.11 1.02 ± 0.11 1.0754 ± 0.0057 0.11 6.18 ± 0.36 0.62 ± 0.12 0.57 ± 0.12 0.97 ± 0.12 1.0679 ± 0.0061 0.28 6.11 ± 0.31 0.50 ± 0.10 0.57 ± 0.11 0.75 ± 0.11 1.0622 ± 0.0052 Global 6.82 ± 0.13 0.45 ± 0.05 0.56 ± 0.07 1.07 ± 0.05 1.0729 ± 0.0030 Table A2 . All index measurements in IC 843. See the caption of Table A1 for details
7.34 ± 0.40 0.42 ± 0.16 0.58 ± 0.13 0.87 ± 0.15 1.0718 ± 0.0070 -1.06
7.28 ± 0.33 0.50 ± 0.13 0.54 ± 0.10 0.74 ± 0.12 1.0686 ± 0.0057 -0.79 7.17 ± 0.33 0.53 ± 0.12 0.57 ± 0.10 0.68 ± 0.12 1.0683 ± 0.0056 -0.60 7.36 ± 0.35 0.43 ± 0.13 0.58 ± 0.09 0.64 ± 0.13 1.0663 ± 0.0058 -0.47 7.24 ± 0.37 0.41 ± 0.13 0.54 ± 0.09 0.57 ± 0.13 1.0647 ± 0.0060 -0.35 7.20 ± 0.41 0.39 ± 0.14 0.54 ± 0.10 0.55 ± 0.14 1.0661 ± 0.0064 -0.24 6.97 ± 0.37 0.45 ± 0.13 0.58 ± 0.09 0.55 ± 0.13 1.0621 ± 0.0057 Global 7.24 ± 0.14 0.41 ± 0.05 0.58 ± 0.04 0.66 ± 0.05 1.0671 ± 0.0024 a small number of further splits, around where sky residuals were seen to sharply change sign. We also allow for over-subtracted skylines by including negatively scaled sky spectra, and account for instrument flexure by including sky spectra which have been shifted forwards and backwards in wavelength by up to 2.5Å (in 0.5Å increments). A full sky spectrum, with locations of sky splits marked, is shown in Figures B1 and B2 .
The area worst affected by residual sky emission is the Wing-Ford band at 9916Å. Here, we found that changing the combination of sky splits had an impact on the quality of sky subtraction, and hence on the FeH equivalent width measurement. To quantitatively choose the set of skyline splits which gave us the best sky subtraction, we investigated the residuals of the sky subtracted spectrum around the best fitting pPXF template. These residuals will generally be distributed like a Gaussian around zero, with any remaining skyline residuals appearing as large positive or negative outliers. A set of residuals which have tails which deviate from a normal distribution therefore imply a poor sky subtraction.
Around FeH, there are 5 wavelengths which we decided to split the sky at; 9933Å, 10054Å, 10094Å, 1013 9Å and 1.01865Å. This leads to 2 5 = 32 possible combinations of splits. We investigated the residuals for each of these 32 combinations, both by eye and using an Anderson-Darling test (Anderson & Darling 1954, AD) with the null hypothesis that each sample was drawn from a normal distribution. The AD test is very similar to the more commonly used Kolmogorov-Smirnov test, except with a weighting function which emphasises the tails of each distribution more than a KS test does. For all analysis in this work we used the selection of sky splits with the lowest AD statistic, which corresponds to the residual distribution best described by a normal distribution with no outliers. A plot of the best (green) and worst (red) residual distribution for the NGC 1277 skylines is shown in Figure B3 , whilst Figure B4 shows our spectra around FeH for NGC 1277 and IC 843 before and after second order sky subtraction. The spectra which, by eye, have the best sky subtraction are also those with the lowest AD statistic. B2 A comparison of independent sky subtraction methods Figure B5 shows equivalent width measurements of the Wing Ford band, found using spectra from the two sky subtraction processes; subtracting skylines with pPXF and median profile fitting. These methods are described in Section 3 and Appendix B. The two methods show good agreement, implying that our FeH measurements are robust, despite the challenging nature of removing residual sky emission in the far red region of the spectrum. In particular, the global FeH measurements, on which we base our determination of the IMF in these galaxies, are entirely consistent between the two approaches.
APPENDIX C: COMPARISON TO STELLAR POPULATION MODELS
In order to make quantitative measurements of the IMF in each galaxy, we compare our results to the CvD12 and E-MILES stellar population models. The aim is to create a 6000 6500 7000 7500 8000 8500 9000 9500 λ (Å) 7 8 4 7 . 0Å 8 1 6 0 . 0Å 8 2 6 2 . 0Å 8 6 0 7 . 0Å 8 7 4 2 . 0Å 9 2 8 3 . 0Å Figure B1 . A sky spectrum from 6300Å to 9283Å, showing locations of split locations. 8500 9000 9500 10000 10500 λ (Å) 9 2 8 3 . 0Å 9 6 4 3 . 0Å 9 8 5 0 . 0Å 9 9 3 3 . 0Å 1 0 0 5 4 . 0Å 1 0 0 9 4 . 0Å 1 0 1 3 9 . 0Å 1 0 1 8 6 . 5Å Figure B2 . A sky spectrum centred around the Wing Ford band, showing the locations of sky splits. At the redshift of NGC 1277 and IC 843, the Wing-Ford band is observed at 10085Å and 10160Å respectively. spectrum with the same stellar population parameters and FeH measurement as the global spectrum for both galaxies, and then read off the IMF slope of that spectrum. The two sets of models allow for changes in separate population parameters, meaning that the analysis which starts with a base template from the CvD12 models is slightly different to the case where we start with a base spectrum from the E-MILES models. Both cases are described below.
C1 CvD12
We interpolate the base set of CvD12 models of varying IMF slope as a function of age and FeH equivalent width. These base spectra are at solar metallicity, [α/Fe]=0 and have solar elemental abundance ratios, whilst spanning IMF slopes from bottom-light to x = 3.5. To accurately account for the different metallicities, α-abundances and [Na/Fe] ratios in each galaxy, we apply linear response functions to the CvD spectra. The correction is defined as follows. To deal with varying continuum levels between spectra with different IMF slopes, we use multiplicative rather than additive response functions. For a spectrum with a non-solar α-abundance ratio, S(∆α), S(∆α) = x α S(∆α = 0.0) where x α is the linear response function. We also Taylor expand S(∆α) to give S(∆α) ≈ S(∆α = 0.0) + dS dα ∆α which leaves
We approximate the gradient term using a model spectrum from CvD12 at enhanced [α/Fe]=+0.3: The final set of spectra are therefore:
It is important to note that the CvD12 spectra with non-elemental abundances (e.g those with [Fe/H]=+0.3 dex) are calculated from a Chabrier IMF, whereas we find the IMFs in these galaxies from this analysis to be heavier than this. Another unavoidable source of uncertainty in the use of these models concerns the fact that the response of the IMF sensitive indices strong in very low-mass stars (such as FeH) to quantities like [α/Fe] are computed from theoretical atmospheric models which may not converge. For further discussion of this point, see CvD12 section 2.4.
C2 E-MILES
A similar process was carried out for the E-MILES spectra. We interpolate a grid of templates of varying IMF, age, metallicity and [Na/Fe] enhancement. Since the E-MILES models are all at solar [α/Fe] abundance, we use a response function from the CvD12 models to approximate an α-enhanced spectrum.
A complication here is that a CvD12 model template at 
IC 843
pPXF sky subtraction Median Profile Fitting Figure B5 . A comparison of equivalent width measurements of the Wing-Ford band, after both pPXF sky subtraction and median profile fitting, for NGC 1277 (top) and IC 843 (bottom). The best fit straight line for the pPXF sky subtraction is shown for both galaxies, as well as its one sigma uncertainty (shaded region). The two sky subtraction methods give generally good agreement, confirming the robustness of our results. In particular, the global FeH measurements are entirely consistent between the two approaches.
